Background. Approximately 1.4 million migrant workers reside in Singapore, presenting unique infectious disease challenges to both migrants and Singapore. Methods. A Pubmed, MEDLINE (Ovid), EBSCO Host (Global Health) and Google Scholar search was performed for both peer, non-peer reviewed articles and reports relevant to migrant health in Singapore, published between 1 January 1989 and 1 September 2016. Additional studies were identified from citations within searched articles. We also reviewed published data and policy documents from the Ministries of Health and Manpower, Singapore. Results. A significant proportion of malaria, enteric fevers, hepatitis A and E and tuberculosis diagnosed in Singapore involve migrant workers. From the 1990-2000 through 2009-11, while malaria and hepatitis A cases have decreased and remain sporadic, enteric fevers and tuberculosis cases have increased, possibly due to greater influx of migrant workers. Hepatitis E numbers remain low but migrant workers account for half of diagnosed cases. In an interplay of immune naivete, work and living conditions, migrants in the construction industry are at higher risk of arboviral infections such as dengue, Zika and chikungunya. Infections such as chikungunya were likely introduced into Singapore by travellers including migrant workers from the Indian subcontinent but autochthonous transmission continued due to the presence of competent mosquito vectors. There is less data regarding sexual health, networks and infections amongst migrant workers, an area which merits further attention. Conclusions. Migrant workers appear to be at higher risk than Singaporeans for specific infectious diseases, probably due to a complex interplay of several factors, including higher disease prevalence in their countries of origin, socio-economic factors, their living conditions in Singapore and financial, language and cultural barriers to healthcare access. Receiving countries need improved surveillance, expansion of preventive measures and decreased barriers to healthcare access for migrant workers.
Introduction
Singapore, a city-state in South-east Asia, has undergone accelerated growth in its economy and infrastructure over the past 50 years. Singapore's economic success and continued well-being remains inextricably tied to migrants, which increased from 34 to 45% of its total population from 2000 to 2015. 1 As of June 2016, there were 1.4 million migrant workers in Singapore, which included 1 million lower-wage workers on work permits. 2 Migrant workers crossing international boundaries for economic reasons have an under-appreciated impact on global health. In this paper, we review Singapore's experience with infectious diseases among migrant workers. We also discuss emerging themes and challenges, which may be applicable to high-income receiving countries in the Asia-Pacific and beyond.
Methods
A Pubmed, MEDLINE (Ovid), EBSCO Host (Global Health) and Google Scholar search was performed for both peer, nonpeer reviewed articles and reports published between 1 January 1989 and 1 September 2016 using the keyword search terms ((migrant AND health)) AND (Singapore), (migrant worker) AND (Singapore), ((foreign) AND (health)) AND (Singapore), (foreign worker) AND (Singapore). Individual disease terms such as (Zika), (Chikungunya) AND (Singapore) were also used for literature search. Additional studies were identified via the citations within articles. The Ministry of Health, Singapore, publishes a quarterly Epidemiological News Bulletin that covers local outbreaks and surveillance information of importance. 3 Published bulletins from 2004 to 2016 were reviewed. We also reviewed the website of the Ministry of Manpower, Singapore (http://www.mom.gov.sg/) for statistics and guidance documents regarding migrant workers. Our review focussed on lowincome or semi-skilled migrant 'blue collar' and domestic workers in Singapore.
Results

Immigration and Healthcare Framework for Migrant Workers in Singapore
Migrant workers enter Singapore on several different visas: Highly skilled professionals enter on an employment pass, whereas other workers enter on a 'S-pass' for mid-level skilled staff or work permits for low-skilled or unskilled workers. 4 Workers in the latter categories are largely from China, Bangladesh, India, Malaysia, the Philippines, Myanmar and Thailand. Data on distribution by countries of origin are unavailable. Male migrant workers are mostly work permit holders employed in the construction/marine industries; female migrant work permit holders are mostly employed as foreign domestic workers (FDWs). Most 'blue-collar' migrant workers incur a substantial financial debt from 'placement fees' charged by agent companies in their home countries. They are not entitled to health subsidies afforded to Singaporeans and permanent residents, but since 2008 are required to be provided with medical insurance (minimum SGD$15 000/year). 4 This covers inpatient and day surgery fees, but not outpatient fees. While improvements have been made in healthcare coverage, financial barriers remain which may affect health-seeking behaviour. 5 All migrant workers undergo a pre-employment healthexamination upon arrival in Singapore, comprising review of medical history, physical exam and screening as outlined in Table 1 . 4, [6] [7] [8] 
Infectious Diseases and Migrant Workers in Singapore
Migrant workers are confronted with health risks at all stages of migration (country of origin, transit, destination and on return). 9 They may present with infections acquired in their country of origin, acquire infections as a result of occupational or behavioural exposures in the destination country, or become infected after travel home visiting friends and relatives (VFR). 10 Language, belief and cultural barriers, 11 along with economic and power disparities inherent to economic migration further affect migrant worker health. 5, 10, 12 Receiving countries are also at risk for imported infections. 10, 13 A review by Wilder-Smith of communicable diseases notified in Singapore from 1998 to 2007 indicated that of the 4617 cases, 78% were imported. These consisted predominantly of malaria, followed by hepatitis A, typhoid and paratyphoid fever and hepatitis E, and originated primarily from South and South-East Asia.
14 Our review will focus on infectious diseases, and discuss them in four major categories:
Vector-borne infections associated with mosquitoes (malaria, dengue, chikungunya, Zika) and zoonotic infections associated with rodents (murine typhus, leptospirosis); food-borne infections (enteric fever, viral hepatitis, cholera); vaccine-preventable infections (measles, rubella, chickenpox) and infections spread by close contact [HIV, tuberculosis (TB), sexually transmitted infections (STI)].
(A) Vector-Borne Infections
Mosquito-Associated Infections
Malaria Singapore was declared malaria-free in 1982, but occasional clusters of non-sustained transmission still occur because there are still areas in Singapore with Anopheles vectors. Twenty-four localized outbreaks occurred between 1983 and 2007, with the last documented cluster of autochthonous transmission in 2009. These outbreaks typically occur among foreign workers, consist of vivax cases, with spread due to medical care being sought late. 14, 15 The proportion of malaria cases amongst migrant workers remains as high at 40.4% although total number of cases have reduced (19/47 cases, 2015 compared to 71/151 cases, 2008). 16 Malaria incidence decreased after mandatory malaria screening via blood film at entry for migrant workers was instituted in 1997. Since a substantial proportion of imported cases occur in Singapore has a strong vector control programme. The National Environment Agency (NEA) has detailed requirements for regular inspections at construction sites, for prevention of mosquito breeding, and immediate ultra-low volume misting for outbreak clusters. 19, 20 In 2013, the NEA conducted 4 million inspections and destroyed almost 18 000 breeding sites, at 10% of construction sites inspected. 21 Stop Work Orders are issued for offending employers and listed on the NEA website, and repeat offenders may face prosecution.
22,23
Chikungunya Singapore instituted an active laboratory-based sentinel network surveillance system in 2006 to detect chikungunya introduction. Sporadic cases of imported chikungunya related to VFR travel were reported. 24 The first local transmissions occurred in January 2008 with a small cluster of 13 cases in 'Little India', a densely populated enclave where many Indian migrant workers reside or congregate on weekends. Aedes aegypti was the principal vector in this outbreak. However, in mid-2008, a second and much larger outbreak occurred in Singapore. Investigations showed circulating chikungunya virus with the A226V mutation, which allowed more efficient transmission by Aedes albopictus vectors. 13, 25, 26 
Zika
The first autochthonous transmission of Zika virus in Singapore was discovered in August 2016, with no epidemiologically linked travel history for the first identified confirmed cases. 10, [29] [30] [31] The largest identified local Zika cluster occurred at a construction site, resulting with migrant workers being disproportionately affected, as with dengue and chikungunya. Phylogenetic analyses on two Zika virus strains showed these were of Asian lineage which diverged about 6 years earlier from the current outbreak virus in French Polynesia and the Americas.
32
Yellow Fever-Potential Risk In 2016, China reported imported yellow fever in 11 migrant workers returning from Angola. 33 Singapore's migrant workers do not usually come from countries with yellow fever transmission, and a valid yellow fever vaccination certificate is required for travellers from countries with yellow fever transmission to enter Singapore. Given the presence of Aedes vectors, the impact of imported yellow fever cases resulting in autochthonous spread must be taken seriously. The recent history of chikungunya and Zika outbreaks, and how these infections have become established in Singapore is a strong argument against complacency. With high urban density and an unvaccinated population, the health and economic impact of yellow fever cases in Singapore should not be underestimated.
Rodent-Associated Infections
Leptospirosis Leptospirosis was not a legally notifiable disease in Singapore until October 2016, so prior surveillance data came from voluntary physician and laboratory notifications. 34 The incidence of leptospirosis between 2012 and 2016 ranged from 0.5 to 1.1 per 100 000. Risk factors associated with leptospirosis were male sex, age between 15-34 years and foreign worker status. Occupations represented among leptospirosis cases included construction workers (49%), cleaners and domestic workers (9.2%), shipping workers (3.1%). Leptospirosis infections have resulted fatalities. 34, 35 Serologic survey of 200 sewage and public utility workers showed a 6-fold higher seropositivity rates compared to controls comprising healthy blood donors and factory workers. 36 
Rickettsial Infections
There is a paucity of recently published data on rickettsial infections. [37] [38] [39] A case control study of 21 murine typhus cases (1999-2000) did not show migrant status as a significant variable. 38 In a later report (2002-05), of 99 murine typhus and 98 leptospirosis cases notified to MOH (disease incidence < 1/ 100 000 population), foreigners accounted for 81-96% of murine typhus, and 43-60% of leptospirosis cases, many of whom were construction labourers living in suboptimal housing conditions.
40,41
Hantavirus Hantavirus infections are rare but have been reported. [42] [43] [44] In a 2010 report, a Malaysian construction site supervisor acquired hantavirus infection while working in Singapore. 44 The seroprevalence of hantavirus in the wild rodent population of Singapore is 26-34%. 45, 46 The Foreign Employee Dormitory Act (FEDA) in January 2016 has improved sanitation in migrant worker housing, but continued attention is needed for vector control and for working conditions.
(B) Food-Borne Infections 47 Seroprevalence studies indicate that certain groups (sewage workers, Gurkhas) are at higher risk of hepatitis A infection due to occupational exposure or endemic disease in communities of origin. 48, 49 The incidence of acute hepatitis E in Singapore has increased from 0.05/100 000 (2000-02) to 0.92/100 000 . This trend could reflect a true increase or improved awareness and diagnostic testing access. Of the 540 laboratory confirmed cases of acute hepatitis E, 59% were acquired from the Indian subcontinent. Singapore residents comprised 31% and migrant workers comprised 48%. 
Cholera
Cholera was a problem in Singapore till the 1980s, but is now extremely rare. 14 An outbreak of Vibrio cholera 01 (biotype El Tor, serotype Ogawa, phage type 1) occurred in 1982 involving 37 workers (22 symptomatic) due contaminated seafood prepared at a construction site canteen. 52 Another outbreak occurred in 1993 with 12 migrant workers falling ill. This was traced to partially cooked green mussels caught and cooked by the workers from rivers near their construction site, which was contaminated by sewage effluent.
(C) Vaccine-Preventable Infections
A review of immunization records or serology assessment is not required for employment entry in Singapore. Child and adult immunization schedules vary among Asian nations. There is little published data about outbreaks of vaccine-preventable infections in migrant workers, but outbreaks of highly infectious respiratory infections like measles have occurred in subpopulations with suboptimal herd immunity.
Rubella
A rubella outbreak amongst 53 workers (49 symptomatic and 4 asymptomatic) living on an off-shore island was reported in 2009. 54 They did not have any recent travel history or previous rubella vaccination. The outbreak lasted 6 months, and sequencing confirmed a common source propagated outbreak. 54 Fortunately, this was an off-shore island with limited movement allowed, so the public health risk was low.
Varicella
Varicella outbreaks have occurred in migrant worker dormitories, although published reports are rare; and deaths have occasionally occurred. 55, 56 Surveillance data indicate that chickenpox hospitalizations prior to 2005 were mostly in nonresidents. 57 These reports highlight the vulnerability of migrant workers living in congregate housing situations to infectious pathogens spread by airborne, droplets and contact.
Hepatitis B
Prospective migrant workers do not get routine screening for hepatitis B and C, and there is a paucity of published data. The Gurkha community in Singapore had 2.8% HBsAg positivity, lower than the general population (4.5%). 49 A study in Males between 15-34 years, and migrant workers working in cleaning/ sanitation or construction were found to be at risk. An older serologic study found a 6-fold higher seropositivity rate in sewer/public cleansing workers.
Murine typhus
Various authors (37) (38) (39) (40) (41) • • 2000-06
The overall MDR TB rate in pulmonary TB was found to be 2.5% in nonresidents. Most cases were imported from Indonesia and Myanmar; work permit holders and visitors on social passes accounted for 17% and 60% of non-residents with MDR TB, respectively. Though infrequent, Singapore has seen importations of XDR TB. An 2012 outbreak of MDR TB for which WGS proved helpful traced the index case to a migrant karaoke lounge hostess diagnosed in 2008.
(continued) every 6 months, and HIV testing every 2 years, and also face repatriation if they become pregnant. 65 Given these requirements, and other cultural factors, migrant workers may be reluctant to undergo HIV testing (unless required by regulation) or to access sexual health services. 66 The Health Promotion Board conducts health education activities regarding STI for migrant workers but research may be required to evaluate which interventions are most impactful. 67 Other STI
Statistics on other STI rates (gonorrhoea and chlamydia) for migrant workers in Singapore are not publicly available. However, a qualitative study conducted by HealthServe, a nongovernmental organizations (NGO) serving migrant workers, found in focus group discussions that it was not uncommon for male migrant workers to engage in sex with commercial sex workers or with 'girlfriends', typically FDWs. 68 Anecdotally, they were more likely to use condoms with sex workers than with 'girlfriends'.
Sex Work in Migrant Workers
One survey found that 71% of 93 entertainment establishments had female sex workers (FSW), and 52.7% of 317 female migrant workers in entertainment facilities were engaged in sex work. 69 Nationalities included Vietnamese, Indonesian, Filipino, Thai and Chinese. Only one-third used condoms, and less than half (49%) had undergone STI screening within the previous 3 months. Use of condoms was much poorer compared to sex workers in brothels (>95%). Another study indicated that prevalence of chlamydia or gonorrhoea was 13.6% in foreign female entertainment workers who engaged in paid or casual sex in Singapore. 70 In contrast, condom promotion programmes amongst brothel-based sex workers have been shown to dramatically decreased the rates of STIs (e.g. cervical gonorrhoea from >30 to 2/1000 person months). 71 Recognizing the impossibility of eradicating prostitution, Singapore has adopted a pragmatic approach to limit such activities, and areas for these activities. 72 Sex work per se is not illegal in Singapore, although some associated activities (public solicitation, pimping) are against the law. 73 Commercial sex workers who register themselves undergo an interview to ensure they are not coerced, and undergo monthly sexual health checks. 74 To address the problem of human trafficking for sexual exploitation, Singapore established the Inter-Agency Taskforce on Trafficking in Persons in 2010, and the 'Prevention of Human Trafficking Act' became law in 2015. 75 
Other Infections
Other infections, some unusual, have been reported in migrant workers in Singapore ( Cryptococcus gatti infection associated with trauma 83 and leprosy. [84] [85] [86] Multi-drug resistant organisms (MDRO) represent another potential risk. Migrant workers may have asymptomatic gastrointestinal carriage of carbapenemase-producing Enterobacteriaceae (CPE), which could disseminate in healthcare settings. This has been observed in Gulf countries with large numbers of migrant workers from the Indian subcontinent, where carbapenemases (NDM-1, OXA-48) are endemic. 87 There is a paucity of data regarding MDRO colonization rates among migrant workers in Singapore, a topic that merits further research.
Conclusions
Both migrant workers and receiving countries face unique health challenges. Receiving countries like Singapore need to manage the risk of imported infections. Migrant workers are at higher risk for certain infections, summarized in Table 2 , due to occupational exposure, behavioural risks or living conditions. Countries of origin and families are also at risk for imported infections acquired in destination countries.
Receiving countries should review pre-employment testing, periodic health examinations and vaccination policy for outbreak-prone respiratory infections like measles and varicella. Further studies may be needed on the cost-effectiveness of various strategies, including screening for and treating latent TB infection.
Addressing sexual health in migrant workers will require policies and approaches that are culturally appropriate, reduce barriers to access and encourage health-seeking behaviour. WGS and other molecular tools will better inform epidemiologic efforts. In an increasingly interconnected and interdependent world, healthcare providers and policy makers alike cannot afford to neglect the migrant workers in our midst.
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